Hydroxylation of prostaglandins by inducible isozymes of rabbit liver microsomal cytochrome P-450. Participation of cytochrome b5.
The hydroxylation of prostaglandin (PG) E1, PGE2, and PGA1 was investigated in a reconstituted rabbit liver microsomal enzyme system containing phenobarbital-inducible isozyme 2 or 5,6-benzoflavone-inducible isoenzyme 4 of P-450, NADPH-cytochrome P-450 reductase, phosphatidylcholine, and NADPH. Significant metabolism of prostaglandins by isozyme 2 occurred only in the presence of cytochrome b5. Under these conditions, PGE1 hydroxylation was linear with time (up to 45 min) and protein concentration, and maximal rates were obtained with a 1:1:2 molar ratio of reductase: cytochrome b5:P-450LM2. Moreover, P-450LM2 catalyzed the conversion of PGE1, PGE2, and PGA1 to the respective 19- and 20-hydroxy metabolites in a ratio of about 5:1, and displayed comparable activities toward the three prostaglandins based on the total products formed in 60 min. Apocytochrome b5 or ferriheme could not substitute for intact cytochrome b5, while reconstitution of apocytochrome b5 with ferriheme led to activities similar to those obtained with the native cytochrome. Isozyme 4 of P-450 differed markedly from isozyme 2 in that it catalyzed prostaglandin hydroxylation at substantial rates in the absence of cytochrome b5, was regiospecific for position 19 of all three prostaglandins, and had an order of activity of PGA1 greater than PGE1 greater than PGE2. P-450LM4 preparations from untreated and induced animals had similar activities with PGE1 and PGE2, respectively. Addition of cytochrome b5 resulted in a 20 to 30% increase in the rate of PGE1 hydroxylation and an appreciably greater enhancement in the extent of all the P-450LM4-catalyzed reactions, the stimulation being greatest with PGE2 (3-fold) and least with PGA1 (1.6-fold). Cytochrome b5 was thus required for maximal metabolism of all three prostaglandins, but did not alter the regiospecificity or the order of activity of P-450 isozyme 4 with the individual substrates. In the presence of cytochrome b5, the prostaglandin hydroxylase activities of isozyme 4 were two to six times higher than those of isozyme 2.